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Coutemporary State of the Problem of Botulism Stimsulant and C

Poo¢ Production “"3
By: B.M. MAZOKHINA i
Central Scientific Research Institute of Canned Poode and Dried
Vegstables Induetry (TSRIIKOP) “rg

(Translated by: Bdward Lachowicz, Maryland, Kedical-Legal Poun-
dation, Inc., 700 Pleet Street, Baltimore, Md,, 21202)

The causative agents of putrefaction that occur during canning
of foodstuffs and are subjectad to a thermsl etsrilization are
aort oftes mors thermostabile than those 5f Cl, botulinum, thus
the sterilization procedures cslculated to destroy these agents
will al’0 guarantee a destruction of Cl. botulinum spores,
Nevertheless,it is essential to have & thorough knowledge of
the factors that determine a poesidility of the sporee’ geraination,
also of the development ¢f botulism culture in canned foods and in

nutrient media at laboratories,

There is a very long list of products, which having developed

Cl., botulinum, served for a while as a source of botullsm disessse; r—-~

this has bteen exposed in the course of numercus risesrch analyses, .

: !
Many investigators have determined that botulism sporee can de- |
velop under specific conditicne almoet in all typee of canned food-‘

such as meata, fishes, vegetadbles and even in some fruite; scame-
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tiazes, the development of botulism culture and itc production of ——

toxin may proceed without any apparent chauges in the organcleptic
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aspeots of a product,

~In most cases changes in Sho organclsptic aspects of ocanned
focds are oaly slightly developed, Lif conditions are less suitedls
for the germinstion of dotulisa culture. Very significant in this X

respect are the reeulsa obdbtained by GRERNEERC, R.A, et al. (1),

wito examined the effects of table salt on the formation of toxin

and organcleptic changes in canned salted maats (mee Tabdble 1),

Iadble
Concen- Concen- Quantities %g‘i;::i:’
g‘gﬁ“u‘; ::’::f"‘;f(m o ot mens in Organoleptic indicants
BeCl in % | speci- which the of meat
.2:' toxin wes
detected
}.00 2.1 20 19
Spoiled ment, soft
3.0? 2.2 20 9 tissues, ltrSng odar
5.14 3.5 U 14
©.2% 4.) 118 94 Soft tiseuss
6,2¢ 4.} 14 S Soft tissues withous
putrefactive or oheesy
odor
6.25 4.3 6 k) Pirm tiseues,apperent
slight spoilage
7.09 5.1 97 13
7.12 5.0 104 14
8.9% 6.4 103 0 Bormal test-pieces
11.49 TeS 102 0

It ix obvoius froam Teble 1 that increased concentration of
sable salt reduces the nuaber of specimens whose production of

toxin is comdined wish the appserance of visidle putrefeaction in

neat.

Our exasminasions aleo revesled that, with the developament of
Cl. botulinuz in some homogenised (for infants) vegetadles, packsd ‘
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in vacuua tin ocans, gas protubdberances have not alvays developed
Boticeatly in storage.

There is an opinion that most of the Buropean streins of C1,
botulinum type B belong to rnonproteolytic cultures and they causs
a putrefaction in products which 1s not always distinctly oxpro--‘d.

The bdbotulism microbe may be detected in many cans that wers
processed on a certaln date, Such was the case with leek lettuce
processed in [taly and sold in the USA., It 1s also possible that
only some cans may contain botuliss culture out of sany ailliona
of oans of the same product that were processed on various datss,
The uwoat frequent are inatances,wvhere in millions of cans, speci-
mens sare found that contain both, the culture and the toxin of
botilism, Qur experience proved that the presence of bdotullsa
spores together with vestiglal microflora ¢f cannsd foods may de
cause. b. ipperfections or by ilmpairments in trs production tech-
Luavgd, . T 'y accldaental circusetances, the csuse of which can
ot always be sxpiained Jltimately,

“he deteztion of botulism microbe spores,thi .t still remain
in a product sfter thermal processing,presents familiar diffi-
culties. One characteristic aspect of Cl, bdotulinum spores is s
ccndition of dormancy,wnich can last up to 5 years. idccording to
H.RIEMANK (2), Cl. botulinum sporcs of the same suspension may
intergrow and visioly develop at random ir dissimilar zedis (Zabls
2).

Ye determined a guantity of spores after identical lnoculation

into a liguid medium for cultivation of microorganisss and then

we compared this with alilke procsdure, except we used the agar




redium in counting of coionies; we discovered that, with a pro- ‘:’
longed storage under thormostatic control, a considerabdly greater

auabex of viadle sporee could be detected in a liquid medium.

Iable 2
Quantities of inter-| Time required
groen eporss after {in days) for
. 100 days in storage intergrowing \
Culture mediua under thermostatic of 5o§ of i
control apores
Pork btoth % 8 0 0 PSS v s EEREee s 12x106 3.‘
Casein medium ¢ yeast autolysate. 11x106 20
Skismed milk + 1% peptone ....... 36:106 35

A detaction and counting of spores that survived a heating
process 1o espaicilally more difficuli, 1f preceseing involved an
intonsifisd heeting. A medium suitable for counting of nonheated

spores may not be suitadle for counting of hested spores, According

t. the intensity of thermal processing, heated spores decoae more °
sensitive to the prevence of regensrators in a medium, to its
active acidity and to the incubstion temperature of inoculaticns,

At present, it is consicored ss Jenerally acknowledged that,

for the development of anaerobes, and that of Cl. totulinum as
well, not the absence of oxygen is one essential condition, but s
low redox potential: Bh. The oxldation-reduction potential is

coembined with the p of a medius according to thie foramula:

, iy « By 25,
where rﬁz is the degree of asrcbic (or anaerobir) condition in a

i asdium,

i The most aorobic conditions eipressed are of the magnitude:
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rﬂ2 w 42.5; the most anaerobic conditions are: tﬂz = 0, The :ﬁz
value in ¢ medium is determined on account of the presence therein
of reversible oxidation-reduction pairs, also irreversiltle reducing ?
agsnts and the aotion of free oxygen. Por the intergrowth of Cl,
botulinus spores s medium should have rH, no higher than 14,

The intergrowth of apores, division of cells and production

0f %oxin tn Cl. botullunum culture ars coadined with the medium’s

pi. A ninimal pH value that ensbles the growth of Cl, dotulinum
culture changes considerably sccording to the etrain and the aedium
as such, The lowest pH value that permite growing of Cl. botulinus
18 4.8, In analyzing a case of botulism sickness that was caused

by products which at the intake tlme posseessed the pi lower than
4.5, INGRAM and K.H.M, ROBINSOR ()}) came to the conclusion that

a high active acidity appeared in these prcducts after production
of toxin on account of the development of acid-foraing micro-
organisme which accoapanied C1, dotulinum,

At the ssme time, X,I. CHEEVYAXCVA (4) established a possi-
bility of the dsevelopment of Cl. botulinum in tomato sauce with
active acidity above 4.5, after a prior development of micro-
organisas in the sauce thatv alkxalized the medium, TLe optimua pH
velue for the growth of Cl., botulinum culture lies between 5,5
and 7.0.

The sctive acidity of a medium was accepted as cne of the
factors on the vasis of wnich R.G. MATROZOVA (5) divided all

canned foods currently produced in the USSR into three Jroups

with respect to a possibility of the botullss culture developaent

in thea:




1. Canned aeats, fish and natural vegetadles, with the phH
betweon 5.2 and 6.5, in which a development of Cl. botulinums
occurs proaptlyi

2, Oanned foods (basically vegetable snacks), with the pH
between 4.6 and 5.2, in which Cl, botulinum develops irregularly,
and

). Stewed fruits, tosmato producte and marinades in which
Cl. dotulinum does not develop.

A temperature is one of the bssic factore which detsrasine
the intergrowth of spores. divisiom of cells and production of
toxin in Cl. botulinum culsure. A such higher incudation teaper-

sture is required for the intergrowth cof sporee than for the groeth

snd diviesicn of vegetative cells, Thus, a production of toxin at
20°C proceeds independently of the condition whether a medium vas
inoculated with washed-off cells or spores; vegstative cellz may
grow aud 1ivide gt 15%; however, washed-off sporse ususlly seldos
intergrow. The top temperaturse lisit for the intergrowth of npérol
1s 42.5%. |

The tempersturs limitatinsne for bdreeding and divieion of
cells are wider than the teaparaturs liamits for the intergrowth
of spores; the former rangé between 10 and 48°C, The rate of the
division of cells, the autolyais of culture and the synthesais of
tdxin, all are sudblect to change according to changee in the incu-
betion temperature. P.F. BONVESTKE and L.L. KEMPE (6) stated that
the saximum grceth of the culture, also of the autolyeis of cells
and of the synthesis of toxin were observed between 28 and 40°%C
(ses figures | and 2). The rate of the growth advanced with the

—.6-—
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inoreased temperature, although the amount of produced toxin re-

a = optical density; b = duration of storage under thermostatic
control (in hours).
Pigure 1 - Dependency curves of the growth of Cl. botulinum with

relation to the incubation temperature: 1 - 37%; 2 -
35%; 3 - 28%; ¢ - 24%; 5 - 48%; 6 - 16 to 18%.,

2 = minimal lethal dose per ' al, b = duration of storage under
theraostatic control (in hours, .

?igure 2 - Dependency curves cf the production o2 Cl, botulinum

toxin with relaticn to the incubaiion temperature: ! -

37%; 2 - 35%; 3 - 24%; ¢ - 10 to 18%; 5 - 48%,

aained the same. The maximum temperature at which we observed the

growsh of the oculture wae 4%, nut, at the same time, no increase

(Y VRN
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in 02 Coxicily of substratum was noted, 4% thie temperature, the !:5
divicion of vegetative celle continued, ovut the eynthesis of toxin
declized. Obviously, the toxinm that wes trougiht along with & culture

and 1% wes subseguently iiberaied, insctivated iteelf gradually by

wey cf denaturisation. ¥e noticed & growtn of -ulture and synthesie

of toxin at temperatures between G and 18°C. Since the toxin re-

ngins stable at these temperatures, & prolonged incubation is the

cause¢ of increase im the toxicity of sunetratum.

" abstances may exist in canned fsode and in nutrient medis
at icboratories, which inhibit the growth of botuliem sporee,
namely: dissolved tin, fatty &oide and phytoncides. The effective-~
nese ¢f the baoteriostr tic action of +in has deen linked with
certain types of canné4 products and witk the concentration of
disesoived tin,

The suppression of the intergrowt¢i of Z1. dbotulinum culture '
under t7e¢ offectas of tin hao been observed in sxperiments with
carrcis, bests and pod dbeens; no suck effect was obaerved in ox-
porimentis with eoparague, cabbage, potatoes and turnipe,

Meny investigatore determined that some fatty acids, particu-
larly thoee in a state of the oxidieing putrefection, e.g. un-
saturated (0.01% olele, 1linoleic and :imolenic acids) may inhibit
the intergroeth of spores of Cl. botulinum sand divieion of celle,

Patty acids strongly suppress spores and weslt vegetutive
cellis., In & compound wediua may cocur faity acids or their salte
in ¢ 4issclved state in such quantities, whioh will exert their

sffcat on & guantity of intergrown spores. Consequently, in re-

k .
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search experiments, o.g. in :invesiigationo of the thermostabdb.lity
cf spores, one must take into acoount thée influences of fatty
a0ids in a medium. If it becomes necessary to o9liminate these
effects, it is proposed that 0.1% of starch de added as =zn in-
hibitor to the nutrient media,

a = Nonsterilised; b =« sterilized; c¢ = logend; 4 = Cl, botulinum
spores not detected; e = detected not intergrown spores of Cl.
botulinua; £ = deteocted intergrown spores and Cl, hotulinum toxin,

Pigure ) - Graph aymbolizing Leating effecte on the intergrowth
of Cl. botulinum epores (pH 5.5 50,000 spcres per
1 ga of product) in canned beef borsch: 1 - without
heating (control); ¢ - heating at 110°% for S minmutes;
3 - heating at 1209 rfor 2 minutes; 4 - heating at
125°% for 1 minute.

In & nrader of substances which render their bactericidal and

‘ bacteriostatic effects on spores of botulisa culture we also find

- 9 ==
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phytoncides. B.G. MATROIOVA experimented with tomato products and ‘:,

discovered phytoncides’ active etfects on botulisa culturs. The

action of tomato phytoncides depended on the content therein of

dry substances, which tended to combine with active reasction in

a medium, The action do-iancoa to appear yitb the pi 5.5 and in-
creased noticeabdly with the decrease of pH to 4.5,

B.G. MATROZOVA disclnrzed that adding tomato paste to various

vegstables that are usually served as canned foods with dinner
dishes prevented a d-volopnoni of botulisam gpores therein, Like-
wise, R.G. MATRCZOVA initiated experiments with vegetable® infected
with nonhseted spores of Cl, botulinum. Suboﬁquonf investigations
of a possibility of developaent Cl. botulinua in former canned
dinper foods were carried out in the microdbioclogical ladoratory
of TSNIIXOP, dSeginning with the nonsterilized and sterilized beef
borlch.) . . @
Bursch inoculated with Cl, botulinum spores (figurs 3) waa
heated at various temperutures anc durations in time, Pigure 3}
gshows that heating of Cl. botulinum spores in nonsterilized and
sterilized borach actuated the growth of botulism culture and pro-

duction of toxin therein, :

A dual process takes place with the hesting of epores: one
share of spores dies away and the other ons becomes activated. It 1
is considered that ths duraf;on of heating at which a maxipum
quantity of Cl, botulinum spores can be detected in a medium ia

equal to 0.23) minutes at 104, 4°c,
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*) « A Russian soup of several ingredients colored with red beet
juice, ' '




Thus, it is cbviouas fr:m thio report that, if botulism spores
exiat in the final microficre of ceuned foods, their intergrowth
in @& ready product, or their detection by inoculation into nutrient
nedia, depende on meny factore, which must be taken into account

o connection with the aicrcocbiological controle ln the canned food

induatry,
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Printed footnote: Workers in inaustry, building construction and

traneportation! Implement t:e complex mechanization and

: automaiion! - boldly implant in induatry our achievements in

science, technology and in advanced experiments!

(Appsal of the Centiral Coaamittiee of the Comsunist larty on the
‘I' 45th Anniversery of the Grea* C~tober Revolution),




